Background-Despite declining lengths of stay, postdischarge healthcare resource utilization may be increasing because of shifts to nonacute care settings. Although changes in hospital stay after coronary artery bypass graft (CABG) surgery have been described, patterns of discharge remain unclear. Our objective was to determine patterns of discharge disposition after CABG surgery in the United States. Methods and Results-We examined discharge disposition after CABG procedures from 1988 to 2005 using the Nationwide Inpatient Sample. Discharges with a "nonroutine" disposition defined patients discharged with continued healthcare needs. Multivariable regression models were constructed to assess trends and factors associated with nonroutine discharge. Median length of stay among 8 398 554 discharges decreased from 11 to 8 days between 1988 and 2005 (PϽ0.0001). There was a simultaneous increase in nonroutine discharges from 12% in 1988 to 45% in 2005 (PϽ0.0001), primarily comprising home healthcare and long-term facility use. Multivariable regression models showed age, female gender, comorbidities, concurrent valve surgery, and lower-volume hospitals more likely to be associated with nonroutine discharge.
A pproximately 500 000 coronary artery bypass graft (CABG) procedures are performed annually in the United States 1 at a substantial cost to the healthcare system. Several quality improvement initiatives have sought to improve process measures and outcomes. [2] [3] [4] In the 1990s, in an effort to improve efficiency and potentially reduce cost, postoperative length of stay (LOS) was decreased through enthusiastic adoption of "fast-track" protocols. Several studies documented successful implementation of these initiatives with subsequent reductions in perioperative resource utilization. [5] [6] [7] [8] [9] [10] The impact of reduction in LOS has also been examined with regard to both costs and effect on readmission and postoperative morbidity. 11 Despite shorter LOS, concurrent quality improvement programs have reported simultaneous reductions in postoperative mortality after CABG surgery. 3 However, few studies have examined postoperative discharge disposition in this setting.
In New York State, postoperative LOS was found to have decreased after CABG surgery with a concurrent increase in transfer to nonacute care settings. 12 Although decreases in LOS and in-hospital mortality may reflect improvements in management, shifts in postoperative care with continued healthcare requirements after discharge need to be considered. Whether recent trends are similar across the country remains unclear. Using a nationwide inpatient database, we hypothesized that LOS after CABG surgery has decreased over time, whereas nonroutine discharges have simultaneously increased throughout the United States. Additionally, we examined patterns of nonroutine discharges and determined factors associated with greater likelihood of a nonroutine discharge in this setting. Research and Quality (Bethesda, Md; more information on the Nationwide Inpatient Sample, a database of the Healthcare Cost and Utilization Project, is available at http://www.hcup-us.ahrq.gov/ nisoverview.jsp) and is used to analyze national trends in healthcare utilization, quality, and outcomes. The NIS database contains information relating to diagnosis and procedure codes, demographics, payor-independent charges, and hospital-based variables on all inpatients obtained from a 20% stratified sample of all nonfederal hospitals across the United States. Data from all available years (1988 to 2005) at the time of writing was used for this study. The database does not contain any unique patient identifiers and was therefore considered exempt from review by the Duke University Institutional Review Board.
Study Design and Selection Criteria
Inpatient data files were obtained for each year from 1988 to 2005. Data were merged with hospital-level files for each year to obtain the total discharges with hospital data (Figure 1 ). Cases with a discharge procedure code pertaining to CABG surgery in any of the 15 procedure fields were identified. The Clinical Classification Software (CCS) system was used to identify CABG procedures. Briefly, the CCS system was developed by the Healthcare Cost and Utilization Project and is a diagnosis and procedure categorization scheme. It simplifies the 17 300 diagnosis and procedure codes contained in the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) into a smaller number of clinically relevant categories. The CCS procedure code for CABG surgery (code 44) was used where applicable. This comprised the total CABG dataset from 1988 to 2005. Patients less than 18 years of age were excluded, as were discharges missing mortality information, leaving the CABG study population of interest. Discharges without inhospital death were examined for LOS and discharge disposition. Finally, cases with nonroutine discharge codes were identified as a distinct subset by eliminating those with a routine discharge disposition code.
In the NIS database, discharge disposition is categorized as (1) to home or routine; (2) to a short term hospital; (3) to "other facility" (including skilled nursing facility and intermediate care facility); (4) to home healthcare; or (5) "against medical advice." For analytic purposes, "other facility" was termed "long-term facility" to distinguish this group from the short-term hospital discharges. Discharges with missing and invalid data for discharge type were excluded (nϭ9656). Nonroutine discharges were defined as those that were to a short-term hospital, long-term facility, home healthcare, or against medical advice. These discharges represented CABG survivors that required extended healthcare beyond index hospitalization.
Patient demographic and admission covariables were also extracted from the core files. Additional comorbidities were identified using the ICD-9-CM diagnosis codes. 13 We also separately identified patients who had both CABG and concurrent valve surgery (CCS procedure code 43).
The primary outcome variables identified in the core files were length of hospital stay, in-hospital mortality and discharge disposition. Other variables included year of discharge and 3 hospital-level characteristics: (1) hospital teaching status (based on the presence of an American Medical Association-approved residency program or affiliation with the Council of Teaching Hospitals), (2) hospital CABG case volume, and (3) hospital location (rural or urban).
Statistical Analyses
To simplify assessment of trends in demographic and comorbid conditions within the CABG population, data were divided into 3 equal 6-year periods from 1988 to 2005. Values for these variables were tabulated for each period for descriptive purposes only.
Annual mortality rates were first computed for the CABG study population (Figure 1 , box C) as a percentage of total CABG discharges. Next, LOS analyses were performed on all survivors of index hospitalization. Finally, discharge disposition analyses for patients with nonroutine discharges were performed. For each multivariable analysis, risk adjustment was performed including age, gender, concurrent valve surgery, elective surgical status, and 30 comorbidities in the regression model using the analytic approach suggested by Elixhauser. 14 In addition to these patient-level variables, adjustment was also made for 3 hospital-level covariatesteaching status, case volume, and hospital location. This method is based on the identification of comorbidities distinct from the primary reason for hospitalization, which results in a set of comorbidities that may be applied to administrative data for a variety of disease groups. The methodology was developed in a subset of the NIS and overcomes some of the disadvantages of prior comorbidity indices, such as the Charlson index. 15 For purposes of graphing, adjusted probabilities were computed for mean values of covariates.
Primary outcomes were analyzed using hierarchical multivariable regression techniques. Continuous outcomes (LOS) were investigated with mixed models analysis of variance. Because of the potential for correlation among patients treated at the same hospital, dichotomous outcomes (mortality and nonroutine discharge) were analyzed with generalized estimating equations, using hospital iden-tification number as a clustering variable, and specifying an exchangeable correlation matrix.
Within the nonroutine discharge group (Figure 1 , box E), proportional distribution of discharges to short-term hospitals, long-term facilities, and home healthcare were assessed throughout the study period. Discharges coded as "against medical advice" (nϭ5164; 0.06% of all nonroutine discharges) were excluded from this model because these were considered to have an indeterminate health status.
Secondary analyses were performed on the subset of the principal CABG population excluding those who were admitted from another hospital or facility which included long-term care, because a non- Median length of stay among survivors, d 11 8 7 Sample sizes are estimated using discharge weights provided by the NIS. *Nonelective status refers to "emergent" or "urgent" admission to the hospitalization during which a CABG was performed.
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Post-CABG Discharge Disposition in the United States routine discharge in these patients does not constitute a change in discharge disposition. Discharge weights provided by the NIS were applied uniformly to all analyses to obtain nationally representative discharge-level data (more information on NIS discharge weights available at http:// www.hcup-us.ahrq.gov/databases.jsp). Significance was assessed at an ␣ level less than 0.001 in all models. Statistical analyses were conducted using the SAS software program, version 9.1 (SAS Institute).
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Results
A total of 8 398 554 estimated CABG discharges were identified during the study period. After exclusions (age less than 18 years, missing mortality data), 8 394 913 discharges remained in the analysis. Figure 1 shows the sample size and exclusions for each analysis subset. Table 1 shows demographic and comorbidity data for the entire CABG cohort from 1988 to 2005 (divided into 3 equal 6-year periods). Most comorbid conditions showed a rising incidence. Both in-hospital mortality and LOS showed a decline in each period. Risk-adjusted annual mortality rate decreased from 3.7% in 1988 to 1.3% in 2005, representing a 65% decline ( Figure 2 ). Median LOS similarly declined from 11 days in 1988 to 8 in 2005. However, the decrease in mean LOS plateaued in 1998 ( Figure 3 ).
There was an increase in the proportion of nonroutine discharges among survivors of the index hospitalization (Table 2 and Figure 4 ) from 12% in 1988% to 45% in 2005 (risk-adjusted values). The distribution of nonroutine discharges showed that a substantial proportion of this increase was attributed to an increase in discharges to long-term facilities and the use of home health services ( Table 2 and Figure 5 ). In contrast, discharges to short-term hospitals comprised a declining percentage of total nonroutine discharges over time.
Multivariable logistic regression modeling of factors associated with nonroutine discharge showed that patients who were older, underwent concurrent valve surgery, and had greater comorbid conditions were more likely to have non- routine discharges (Table 3 ). In terms of hospital characteristics, patients discharged from hospitals with larger case volumes were more likely to discharge patients in a routine manner, whereas the presence of a teaching program did not have a significant effect. The magnitude of effect with respect to the odds of nonroutine discharge from larger case volume hospitals was small. In contrast, the effect of geographical location was larger, with rural hospitals being less likely to have a nonroutine discharge than those in an urban location. The C-index of this model, despite including year and 36 other covariates, was 0.735, indicating moderate predictive ability.
In the secondary analysis, we identified 22.4% discharges in the CABG dataset that were admitted from "another hospital" or "other facility including long-term care." Results from this subanalysis, excluding these patients, indicate similar results from the principal analyses of the whole sample. Table 3 was recreated with the reduced sample (data not shown). There was a high degree of similarity between both analyses with a linear effect for "year" (odds ratio 1.07 compared with 1.11 for overall sample), indicating increased nonroutine discharge over time. Similarly, the findings for mortality and length of hospital stay were supported in the secondary analysis.
Discussion
We found that the proportion of discharges with continued healthcare requirements after CABG surgery increased significantly from 1988 to 2005 throughout the United States. Declines in both in-hospital mortality and LOS may be partly related to a shift in healthcare to other specialized facilities postdischarge, which bear an increasing burden of the continuing morbidity and costs of CABG surgery.
Myocardial revascularization by both percutaneous and surgical approaches costs an estimated $12 to $20 billion in the United States each year. 16 CABG surgery is an expensive procedure that consumes a significant amount of resources both during hospitalization and after discharge. Cumulative costs of a high-risk CABG surgery are estimated at $84 000 after 3 years and exceed $100 000 after 5 years. 16 As a result of high costs, several efforts have focused on cost containment and quality improvement in cardiac surgery over the past 2 decades. Although studies have shown improvements in processes of care and reductions in adverse outcomes, including in-hospital mortality, little emphasis has been placed on postdischarge healthcare utilization. 2, 17 Our study highlights 2 significant issues that any assessments of outcomes after CABG surgery must consider: the temporal decrease in LOS over the past 2 decades, and the 4-fold increase in proportion of nonroutine discharges that continues to climb. Taken together, these issues suggest that the current paradigm of quality improvement efforts focusing only on acute hospitalization may limit the opportunity to address overall costs and outcomes.
Decrease in LOS
The trend toward decrease in LOS in cardiac surgery has been reported in several studies. However, most have focused on the subset of patients who were discharged early or eligible for fast-track protocols. 11, 18, 19 Cowper et al investigated the characteristics and impact of early discharge on short-term morbidity among CABG patients in New York State 11 and a large Medicare population. 18 They reported that although early discharge did not result in increased adverse events or postdischarge costs, there was wide variability in rates of early discharge among hospitals. The same group also found significant variability among institutions across the United States with regard to LOS and resource utilization. 20 In our study, we found that LOS started to decline around 1992 from a median value of 11 to 8 days in 1995 with limited subsequent variability and further decline, supporting the earlier findings of Cowper et al. The observed timing of decrease in LOS may reflect the shift toward early extubation and shorter hospital stays in the mid 1990s. The plateau in LOS from 1995 onwards suggests that in the current US CABG population with an increasing prevalence of comorbid conditions, discharge may not be feasible any earlier without potential compromises to quality of care.
Increase in Nonroutine Discharges
We had previously reported a decrease in LOS and mortality with a simultaneous increase in nonroutine discharges among a subset of the CABG population that was discharged with a diagnosis of acute renal failure. 21 In the current study, we observed the same trend across the entire CABG population. The increase in nonroutine discharges raises the concern that the observed decrease in in-hospital mortality and LOS may actually reflect a shift in care to other facilities rather than solely attributable to improvement in care. The trend toward shorter hospital stays and concern about greater postdischarge medical needs has been known since the 1980s. 22 Lazar and colleagues found that a significantly higher percentage of CABG cases were discharged to extended care facilities in 1998 compared to 1990 (43.3% versus 2.9%). 23 Their study, although important in highlighting discharge disposition, was limited to 786 patients in a single center in an urban setting.
Hannan et al reported that discharge to a skilled nursing facility or rehabilitation hospital was significantly associated with hospital readmission within 30 days of the index CABG procedure. 24 This study suggests that discharge to an institution may be associated with the development of delayed complications that require hospital readmission. A more recent study by Cowper et al showed a trend toward shorter LOS with concurrent increase in discharge to nonacute care settings, especially in patients with LOS exceeding 5 days. 12 This study examined the New York State CABG population and was limited to the period between 1992 and 1998. Our study extends these findings by revealing that the temporal increase in nonroutine discharge has been consistent throughout the United States over a period of 18 years and continues unabated.
One explanation of the increase in nonroutine discharges could be the increased recognition of need for medical assistance in the postoperative period in a surgical population with significant comorbidities and increasing acceptance of specialized placement by patients and families. Indeed, an earlier study of elderly hospitalized patients indicated that the degree of postdischarge assistance was strongly associated with activity limitations at the time of discharge and suggested the need for hospitals to improve discharge planning. 25 Thus, our findings may reflect the favorable impact of improvements in discharge planning by hospitals throughout the United States.
Another reason for the increasing trend in nonroutine discharges could be the greater availability of specialized facilities for nonacute postoperative care in recent years, stimulating a shift in care. In fact, there has been extensive growth in the availability of specialized nonacute care facilities since the 1980s. Medicare payments for long-term care hospitals increased by an average of 31% annually from 1988 to 1996. The number of such facilities almost doubled from 1993 to 1997, with a majority of admissions sourced from acute care hospitals. 26 Our observation that a larger proportion of nonroutine discharges were to long-term facilities during the study period could partly reflect the increased availability of these centers. The increase in nonroutine discharges despite a plateau in LOS after 1995 also supports this hypothesis. The finding that rural hospitals were less likely to discharge patients in a nonroutine manner may reflect the same phenomenon.
We also noted an abrupt change in distribution of nonroutine discharges from 1997 to 1998 ( Figure 5 ), which persisted until 2005. The proportion of discharges to home healthcare declined substantially, whereas discharges to long-term facilities increased. The sudden decline in home healthcare at that time has been previously reported 27 and attributed to the implementation of the Balanced Budget Act of 1997. 28 Changes in reimbursement may have resulted in the effect we observed on discharge disposition.
The principal strengths of our study include the use of a large sample size across a long time frame and generalizability across institutions throughout the United States. Another strength of our study is the extensive adjustment for 30 relevant variables, providing robust data across many patient groups. Although the lack of detailed clinical, laboratory, and follow-up data are a significant limitation of administrative databases 29 -31 precluding detailed investigation into mechanisms of observed trends, the US Healthcare Cost and Utilization Project explicitly developed the NIS database to identify, track, and analyze national trends in health care utilization, access, charges, quality, and outcomes. Our study was designed with some of these objectives as applicable to CABG surgery. The NIS is also a validated database that undergoes extensive quality control procedures, making it an invaluable resource for analyzing trends at a national level. 32 A potential limitation is that survivors in later years may have been censored in earlier years, given the increase in post-CABG survival rates. Our analyses, however, have accounted for all patients, those that survive index hospitalization (and are included in LOS and discharge disposition analyses) and those that are included in mortality analysis. Each of these analyses includes a large amount of discharge data across a long time-frame that permits adequate interpretation of trends in these outcome variables.
Summary and Implications
In summary, using a large national database, we found that there was a decrease in hospital stay after CABG surgery with a concurrent increase in discharges with extended healthcare facility requirements. This trend was consistent across the entire period of our study, from 1988 to 2005. Despite improving in-hospital indicators of morbidity and mortality, postdischarge resource utilization continues to increase after CABG surgery. Because nonroutine discharges are now common after CABG surgery, our study highlights the need to consider discharge disposition in any investigation of resource utilization after CABG surgery. Rural location 0.860 0.849 0.866 *All variables in the model were statistically significant at a level Ͻ0.0001, except teaching hospital, which had a P value of 0.05.
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